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@ Arrangement for the contactless and artificial determination of the two- or three-dimensional shape of an object. 

© Arrangement for the contactless and artificial determina- 
tion of the two- or three-dimensional shape of an object (1) 
by illuminating the object with a light source (2) produced 
from two coherent illumination points which are separated 
from each other. As e result primary real interference 
patterns are produced in the direction of the light beams (5b). 
The object (1) is observed by means of a primary imaginary 
interference pattern obtained via two simultaneously- 
connected coherent observation points (3) which are sepa- 
rated from each other. The combination of the two interfer- 
ence patterns gives a secondary pattern of Moire tines which 
provides an artificial image (4) which is significant for the 
shape of the object 
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TTTTE OF INVENTION : a-rrnneement for the contactless and 

artificial determination of the two 
_ or three - dimensional shape of an 
object. 



TECHNICAL FIELD 

The present invention relates to an arrangement for the 
contactless and artificial determination of the two - or three - 
dimensional shape of an object. One essential prerequisite for 
the function of the invention is that the object be illuminated 
from a light source which can be regarded as being produced from 
two coherent illumination points, separated from each other, so 
that primary real interference patterns are produced in the dir- 
ection of the light rays. 

STATE OF THE ART 

The method is already known of optically evaluating the 
three-dimensional shape of an object, its possible deformation 
and vibration either by means of HoirS, speckle or holographic 
methods. These three methods are based on fundamentally similar 
conditions and a more detailed description of these methods is 
provided in "Interferometric Information Proceedings from Appli- 
cations of Holography and Optical Data Processing, Jerusalem, 

August 1976, page 269". 

In the publication "Interferometric Holography without 
Holograms" Laser Focus, December 1968, page 26, a description is 
given of a Moire-' method for measuring dimension, deformation and 
vibration with the aid of projected interference lines. 

It is also already known that the resolution with all opti- 
cal measurements of dimension can be derived from three categories. 

(a) Two coherent illumination points (e.g. proj- 
ected interference lines) 

(b) Two coherent observation points (e.g. the 
resoluti n of a microscope depends on the 
angl from the object to two diametral points 
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on the obj ctive 
(c) One illumination point and an observation point 
coherent therewith (e.g. holographic int rfer- 
ometry where the referenc beam makes the 
observation coherent). 



DESCRIPTION OF TEE INVENTION 

TECHNICAL PRDHLEM 
The fact h«« emerged that with previously knovn arrangements 
for the contactless and artificial determination of the two- or 
three-dimensional shape of an object, by illuminating the object 
with a light source which can be regarded as being produced from 
two coherent illumination points which are separated to some ex- 
tent, it has proved difficult to obtain a desired adjustment of 
sensitivity from low sensitivity, which is suitable for evaluating 
level lines and planeness measurements, up to high sensitivity, 
which is desirable for precise measurements where high resolution 
is reouired using one and the same instrument. 

It is obvious that very major problems are involved in 
creating, using simple means, conditions such that measurements 
can take place with high resolution. Major technical problems are 
involved in creating conditions such that neither the projecting 
optical system nor the observing optical system needs to contain 
lenses which can resolve the lines projected on the object. 

Hence it is a technical problem to create a measuring arrange- 
ment having a sensitivity which is less than the extremely high 
sensitivity of conventional interf erometry, but greater than the 
relatively low sensitivity of the conventional Moire technique. 

Furthermore it is a difficult technical problem to create 
conditions such that the information obtained regarding the arti- 
ficial shape of the object can be easily evaluated by way of 
electrical and electronic circuits, and for these circuits, using 
simple signal-comparing circuits, to compare the shape of an ob- 
ject with the artificial shape of another object. 

Finally it is a technical problem in conjunction with the 
measurements described above to likewise be able to assess and 
measure the vibrations of an object. 
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THE SOLUTION 

Hence the present invention aims at creating an arrangement 
for the contactless and artificial determination of th two- or 
three-dimensional shape of an object where the technical problems 
outlined above are solved in that the object is illuminated in a 
known manner using a light source produced from two coherent illu- 
mination points which are separated from each other, where primary 
real interference patterns or lines are produced in the direction 
of the light rays. 

Taking as a basis this light source, which is intended to 
illuminate the object, the present invention requires that the 
object be observed by means of a primary imaginary interference 
pattern obtained via two simultaneously-connected coherent obser- 
vation points which are separated from each other, where the 
combination of the two interference patterns provides a secondary 
pattern of Moire* lines, comprising an artificial image which is 
significant for the shape of the object. 

In the present invention it is proposed that the illumina- 
ting light source produced from two coherent ilium' nation points 
which are separated from each other comprises a laser and an 
interferometer. As a suitable embodiment the invention proposes 
a "Michelson interferometer". The two simultaneously connected 
coherent observation points which are separated from each other 
can advantageously be arranged in one interferometer. As. a suit- 
able embodiment the invention proposes a "Hach-Zehnder interfer- 
ometer" • 

Since the primary real interference pattern and the primary 
imaginary interference patterns can be regarded as being produced, 
or formed, by two points which are separated from each other and 
since the distance between the points is a measure of the resolu- 
tion, it is proposed that it should be possible to regulate the 
distance between the points, by this means increasing or reducing 
the resolution. The regulation of distance can be undertaken by 
rotation of two rotable plane-parallel glass plates. 

To obtain a visual image of the artificial shape it is pro- 
posed that the secondary pattern of Moire lines be transmitted 
to an image-representing device, e.g. a TV set. Obviously trans- 
mission can take place to an image-processing device, i.e. a 
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device where the imag is transform d into various signals, or to an 
image-storage device, i. . a memory arrangement in which it should 
be possible to store a reference pattern* 

In the latter application an artificial image which corre- 
sponds to an actual object can be compared with the reference pat- 
tern and if a predetermined difference is exceeded, a signal is 
generated* 

In accordance with the invention an arrangement as described 
above can advantageously be employed on a production line for 
objects and on this production line the arrangement can carry out 
quality control regarding the external shape* 

In accordance with the invention an arrangement as described 
above can also be employed advantageously on a production line for 
objects and, dependent on the external shape of the object, it can 
control production so that if required it can change the shape of 
the object in respect of a reference pattern or standard pattern. 

The essential characteristic features of an arrangement in 
accordance with the present invention are described in the charac- 
teristic portion of patent claim 1 which follows. 

BRIEF DESCRIPTION OF DIAGRAMS 

A proposed embodiment exhibiting the significant features of 
the present invention will be described in greater detail by ref- 
erence to the appended drawings where: 

fig. 1 shows the fundamental layout of an arrangement 
in accordance with the present invention, 
- fig. 2 shows schematically the fundamental principle 
of the present invention, 
fig. 3 shows in the form of a block diagram an 

arrangement for comparing a secondary pattern 
of lines which has been obtained with a stand- 
ard pattern, 

fig. 4 shows three different images with different 
distances between the secondary Moire' lines, 

fig* 5 shows in gr atly simplified form a production 
line employing an arrangement in accordance 
with the invention for quality control of the 
external shape f manufactured objects and 
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fig. 6 shows in greatly simplified form a production 
line employing an arrangement in accordance 
with the invention for changing, if r quired, 
the shape of the object with reference to a 
standard pattern. 

DESCRIPTION OF THE EMBODIMENT PBDPOSED HERE 

Fig. 1 thus shows the fundamental layout of an arrangement 
in accordance with the present invention* 

The arrangement is intended to permit the contactless and 
artificial determination of the two- or three-dimensional shape 
of an object and where the object 1 has in the embodiment here 
been illustrated as a spherical surface, but it is obvious that 
many two- or three-dimensional shapes can be evaluated in accor- 
dance with the present invention. 

The object 1 is illuminated by a light source which can be 
regarded as being produced from two coherent illumination points 
which are separated frcm each other so as to form primary real - 
interference patterns in the direction of the light beam* 

For this purpose the embodiment is provided with a lf Hichelson 
interferometer", which is designated as 2. 

The object 1 is to be observed, and this is done by means of 
a primary imaginary interference pattern. This pattern is obtained 
by observation from two sinraltaneously-connected coherent obser- 
vation points which are separated from each other* This can also 
take place in an interferometer. 

For this purpose the embodiment proposes a 1 'Mach-Zehnder 
interf erometex' 1 which is designated as 3* 

The combination of these two interference patterns provides 
a secondary pattern of Moire' lines which makes up an artificial 
image significant for the shape of the object. In the. case of a 
spherical surface the artificial image becomes a number of con- 
centrically-shaped rings with the line thicknesses decreasing 
from th centre outwards, this being illustrated by reference 
notation number k. 

Fig. 1 illustrates a propos d embodiment which has proved 
capable of functioning during practical tests. This embodiment 
employs a laser device 5 of a previously known type, the light 
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rays of which pass through a beam expander 6, after which the beam 
5a (actually the bundle of beams) pass s through a beam divider 7« 

The beam 5a now passes through the beam divider 7 and is 
reflected against a mirror 8, the reflected beam from which is 
again reflected by the beam divider, and then its rear face, where 
the beam is reflected once again to pass through a spreading lens 
10, after this forming a beam bundle 5b« This is allowed to be 
reflected in a mirror 11 so as to direct the beam bundle against 
the object 1, 

A second portion of the beam 5a is reflected in the front 
face of the beam divider 7 against a mirror 9i this beam bundle 
being reflected so as to pass through the beam divider 7 and the 
spreading lens 10, and by this means it is reunited with the beam 
bundle 5b, By means of this arrangement the beam bundle 5b con- 
sists of a light flux originating from two coherent illumination 
points which are slightly separated. 

The object 1 is observed in that the light flux from the beam 
bundle 5b reflected from object 1 is intercepted by a beam divi- 
der 13, where component 12a passes to a mirror 1*f and the second 
component 12b passes to a second mirror 15. 

Component 12a is reflected in the mirror 1*f and passes through 
a plane-parallel glass plate 16 to a beam divider 17. 

Component 12b is reflected in mirror 15, passes through a 
plane-parallel glass plate 18 together with beam divider 17 and 
the two components 12a and 12b are merged in the beam divider 17 
and observed by a TV camera 19* This TV camera 19 is connected to 
an image screen 20 forming part of a TV set, on which the artifi- 
cial image k of object 1 appears. 

In accordance with the embodiment illustrated in fig, 1 , it 
should be noted particularly that the mirror 8 is rotable. By 
rotating this mirror regulation and adaptation of the distance 
between the two separated light points is obtained. The greater 
the distance, the greater the resolution. 

The mirror 14, like the glass plates 16 and 18, is also 
rotable, so that by this means it is possible to regulate and 
adjust the distance between the two separate observation points. 

The distance between the light points and the distance bet- 
ween the observation points should be kept identical. 
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The technical effects connected with the inv ntion will now 
be describ d in greater detail by reference to fig. 2. 

The illuminating portion 2 should hence comprise two coher- 
ent illumination points separated somewhat from each other 
(obtained for example from a laser and a MLchelson interferometer). 
The two coherent illumination points generate interference lines, 
known as Xoung's fringes, in space in the form of hyperboloids of 
rotation, the two common focuses of which comprise the two points 
which are assumed to be separated by a distance A distance 

i.e. the distance between two adjacent hyperboloid shells is: 



2 sine* 

where X ia the wavelength of the light and 2 is the angle bet- 
ween the two illumination points viewed from the object. 

The observing portion 3 comprises two simultaneously-connected 
coherent observation points which are separated at some distance 
from each other and which view the object 1. Such observations 
can be undertaken in an interferometer (e.g. of the Mach-Zehnder 
type). An imaginary system of interference lines is obtained in 
the form of hyperboloids of rotation, the two focuses of which 
comprise the two coherent observation points separated by a dis- 
tance h 2 » 

A distance c^, i.e. the distance between two adjacent hyper- 
boloid shells is: t . 



2 sin Y 

where 2 y ifi the a^S^ between the two observation points as 
viewed from the object. 

In this description the illuminating and the observing line 
systems respectively have been designated as the primary inter- 
ference lines or patterns. 

In the observation portion 3 the displacement is best 
achieved by twisting two plane-parallel glass plates 16, 18 in 
the two portions of the Hach-Zehnder interferometer. In order 
to displace the point of intersection between the displaced 
observation beams to the surface of the object one of the mirrors 
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14, having a silvered surface, in the int rferometer has to be 
twisted. 

If the plane-parallel glass plate 16,18 is twisted through 
an angle /$ the displacement h^ between the observation points is: 

t - sin & 
H = 2 (n 2 - sin 2 * )°' 5 

where "t M is the thickness of the glass plate and w n M is the 
refractive index of the glass, 

A third secondary pattern of Moire' lines 4 is formed between 
the illuminating primary pattern of interference lines and the 
observing primary interference line pattern. This pattern is the 
one to be employed for the measurements. 

If the distance is so great from the interferometer 2 to the 
object 1 that the primary interference line pattern can be taken 
approximately as plane-parallel surfaces with equal pitch, the 
following applies to a spacing (y) between the secondary Moire'' 
lines: 

d 1 ' *2 

y = 



(d 2 + d^ - 2 d 1 <L, cosf ) °- 5 



where 

d^ is the distance between the primary illuminating 
lines 

d^ is the distance between the primary observing 
lines and 

£ is the angle between the direction of illumination 
and observation in relation to the object. 

The intersection with the object by the secondary toire' lines 
is a measure of the contour or flatness of the object. 

The description given above shows that using extremely simple 
means it is possible to obtain a varying degree of resolution of 
the artificial image k of the shape of the object 1. This arti- 
ficial image is governed by the shape of the object 1. 

The practical application of the present invention can then 
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be to undertake the contactless and artificial determination of 
the two- or three-dimensional shape of an object during produc- 
tion control. For this purpose it can be advisable, as shown in 
fig. 3i to have a TV camera 19 which via a switching device 21 
transmits the artificial image to a memory 22 where the image k 
is stored in the form of a reference pattern or standard pattern. 
Subsequently the switching device 21 can adopt a position where 
the artificial shape of each subsequent object is transmitted to 
a memory 23 and where the artificial shape 22 of the standard 
pattern can be compared with the actual artificial shape in the 
memory 23 in a signal comparator 2k. The comparator 2k is act- 
uated by a signal on conductor 23* 

It can then be appropriate to design the comparator 24 in 
such a way that as soon as the pattern prevailing at the time in 
the memory 23 deviates by a predetermined discrepancy amount from 
the standard pattern in the memory, in memory 22 an output signal 
is formed on conductor 26 .as an indication that the object has not 
been found to be faultless. 

In fig. k image n a M shows the artificial image obtained 
from a spherical surface for an object 1 where the image n aP 
is adjusted at one line per mm. Image lr b n is reproduced at 
3*5 lines per mm, whilst image "c" is reproduced at 10 lines 
per mm. 

Fig. 5 shows in greatly simplified form a production line 
for objects 30,31 $32 transported along a transport path 35 and 
where a control device employs a sensing arrangement of the ' 
design described above. The two- or three-dimensional shape of 
each object, for example object 31 > iB evaluated. The artifi- 
cial image of the object 1 which can be evaluated by 
the TV camera 19 is compared, as shown in fig. 3, with a stand- 
ard pattern stored in a memory 22. In the event of agreement, 
or agreement within predetermined limits, the object is passed 
and conveyed further by the transport path or conveyor belt 35. 

In the event of lack of conformity, which exceeds predet- 
ermined limits and requirements imposed, the shape of the object 
is not approved and the output signal 26 then activates a release 
mechanism 36 which i6 displaced upwards and tips the object away 
from the transport path 3^ at section 37. The signal on conduc- 
tor 26 should be somewhat delayed, this d pendent n the speed 
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of the transport path 35» 

Fig. 6 shows in greatly simplified form a production line for 
the object in which a control device is incorporated utilising a 
sensing arrangement of the type described above. The two- or 
thr ee-dimensiorLal shape of each object, e.g. object 31 f * s eval- 
uated. The artificial image of object 31 which can be evaluated 
by the TV camera 19 is compared, as shown in fig. 3 5 vi-th a 
standard pattern stored in the memory 22. 

In the event of a discrepancy, due to the projecting portion 
31a, an output signal is generated in the control equipment which 
corresponds to the magnitude and location of the discrepancy* This 
signal is designed to control production of the object so that 
either subsequent objects or the actual object will subsequently 
be given a shape which is closer to that of the standard pattern. 

This latter variation is illustrated in fig. 6 where the TV 
camera 19 evaluates the shape of the object 31 having the external 
tab 31a. The artificial shape is transmitted to the memory 23 and 
in a scanning circuit 28 which is activated via a signal conductor 
28a, the discrepancy is established. Via a circuit 29 the magni- 
tude and location of the discrepancy can be evaluated and in the 
event of a discrepancy caused by a projecting tab 31a a signal is 
obtained on conductor 29a, which signal activates a punching 
device, not illustrated in the diagram, which removes the tab 31a 
so as to form the object 32 which is then given a shape which is 
closer to that of the standard pattern. 

There is nothing to prevent the use of arrangements as shown 
f± Sm 5 and the arrangement as shown in fig. 6 on one and the 
same production line. 

Naturally the invention is not restricted to the embodiments 
described above by way of example but can also be subjected to 
modifications within the framework of the following patent claims. 

By artificial determination of the shape of an object it is 
meant that the actual form of the object deviates from the image 
obtained after evaluation. 

It is obvious that this image is on the one hand governed by 
th actual shape of the object, but on the other hand the image 
from a single object, viewed at a single angle, can exhibit diff- 
erent shapes by selecting interference lines which are more or 
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less closely spaced, different electrical or electronic circuits 
for processing the signals received, and the like. 
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1, Arrangement for th contactless and artificial det rmination 
of the two- or three-dimensional shape of an object (1) by the 
object being Illuminated from a device producing two coherent 
iHtnnination points which are separated from each other, where 
primary real interference patterns are formed in the direction of 
the light beams(5b), characterised in that the object (l) is via 
further devices observed with the aid of a primary imaginary 
interference pattern obtained via two simultaneously-connected 
coherent observation points (5) which are separated from each 
other, where the combination of the two interference patterns 
gives a secondary pattern of Itoire' lines which provides an arti- 
ficial image (k) which is significant for the shape of the object* 

2« Arrangement as in patent claim 1, characterised in that an 
illuminating light source (2) produces two coherent illumination 
points and comprises a laser and an interferometer, for example a 
KLchelson interferometer. 

3» Arrangement as in patent claim 1, characterised in that the 
two simultaneously— connected coherent observation points are 
arranged in an interferometer, for example a Mach-Zehnder inter- 
ferometer. 

km Arrangement as in patent claims 1 , 2 or 3i characterised in 
that the primary real interference pattern (5b) and the primary 
imaginary interference pattern (12) is generated or viewed from 
two points (hi, h2) which are separated from each other, the dis- 
tance between which can be regulated so as to increase or reduce 
the resolution* 

5. Arrangement as in patent claim 4, characterised in that the 
distance can be regulated, inter alia via two rotable plane- 
parallel gl afifi plates (16, 18). 



6. Arrangement as in patent claim 1, characterised in that the 
primary real interference pattern (5b) produced from a light source 
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in conjunction vith an interferometer and the primary imaginary 
interference pattern (12) observ d via an interf rooeter are com- 
bined to form a secondary pattern of Moire' lines, and that this 
pattern is transmitted to an image-processing device (20) or to 
an image-storage device. 

7. Arrangement as in patent claim 6 1 characterised in that the 
secondary pattern of Moir/ lines can be evaluated and arranged to 
be compared vith a standard pattern and that a signal is obtained 
in the event of a predetermined difference- 

8. Control equipment incorporated in a production line for 
objects utilising an arrangement (19 iu fig» 5) in accordance 
with any of the preceding patent claims, characterised in that the 
two- or three-dimensional shape of each object (30 - 32) is eval- 
uated, that evaluated artificial images which are significant for 
the shape of the actual object are compared with a standard pat- 
tern, and that in the event of a predetermined discrepancy being 
exceeded a signal (26) is produced which is arranged to actuate 
means for removing the object concerned (31 ) from the production 
line* 

9. Control equipment incorporated in a production line for 
objects utilising an arrangement (19 in fig. 6) in accordance with 
any of the preceding patent claims, characterised in that the two- 
or three-dimensional shape of each object (31, 32) is evaluated, 
that the evaluated artificial image which is significant for the 
shape of the object concerned is compared vith a standard pattern, 
that in the event of a discrepancy a signal (29a) which corresponds 
to the magnitude and location of the discrepancy is produced in the 
control equipment, which signal is arranged to control the produc- 
tion of the object so that either subsequent objects or the actual 
object will subsequently be given a shape (32) which is more 
closely match d to the standard pattern. 



